The Chan-Evans-Lam reaction is a valuable C-N bond forming process. However, aryl boronic acid pinacol (BPin) ester reagents can be difficult coupling partners that often deliver low yields, in particular in reactions with aryl amines. Herein we report effective reaction conditions for the Chan-Evans-Lam amination of aryl BPin with alkyl and aryl amines. A mixed MeCN/EtOH solvent system was found to enable effective C-N bond formation using aryl amines while EtOH is not required for the coupling of alkyl amines.
desired due to the increased stability and accessibility of these species with respect to the parent boronic acids. 4 In relation to this BPin problem, Hartwig has developed specific reaction conditions for the CEL reaction of aryl BPins that are moderately effective with alkyl amines but not with aryl amines (Scheme 1a (i)). 5 Koninobu has shown alkyl BPin substrates will undergo reaction with alkyl and aryl amines; however, aryl BPin species are not tolerated (Scheme 1a (ii)). 6 More recently, Clark has shown that substrates capable of chelation can be used to facilitate CEL of specific substrates (Scheme 1a (iii)). 7 Herein we report a simple set of general reaction conditions that promote the efficient CEL reaction of aryl BPin esters and aryl amines (Scheme 1b). These conditions also operate effectively for the coupling of alkyl amines, providing the first set of general conditions for this previously troublesome process.
Scheme 1. Approaches to Chan-Evans-Lam coupling of RBPin.
Our initial investigation of the aryl amine/aryl BPin coupling was performed using a benchmark reaction between aniline (1a) and biphenyl BPin (2a) ( Table 1) . We began with standard CEL conditions (entry 1) to establish a general reactivity profile for this process, which gave 16% yield of the desired amine product 3a, highlighting the problem with these
substrates. In addition to 3a, we observed the expected by-product of this reaction, phenol 4 (1%). Conversion to product almost doubled when heating under reflux in CH 2 Cl 2 (entry 2). The CEL reaction of 1b with 2a proceeds well in the absence of pinacol, as expected (entries 1 and 2). However, addition of stoichiometric pinacol at various time points immediately impedes the reaction. Specifically, addition of pinacol at t = 0 h leads to ca. 10% conversion over 6 h and this does not improve over an additional 18 h of reaction time (entries 3 and 4).
Similarly, addition of pinacol at t = 6 h immediately halts the reaction at ca. 50% conversion (entries 5 and 6). The origin of this effect is unclear; however, diols are known to form stable complexes with Cu(II). 12 We therefore speculate that pinacol, released as a by-product as the reactions of BPin substrates progress, inhibits catalyst turnover and therefore reaction efficiency. Accordingly, stoichiometric Cu(OAc) 2 are required with BPin substrates. Based on this, we proceeded to evaluate the generality of the optimum stoichiometric conditions (entry 8). Application of the developed protocol to a range of ArBPin and aniline substrates showed the conditions to be broadly applicable (Scheme 2).
Scheme 2.
Scope of the developed CEL reaction conditions to a range of aryl BPin and aryl amine substrates. Isolated yields.
The reaction conditions tolerated functionality on both the aryl BPin and aryl amine components. Electron-rich (3c, 3h, 3j), -neutral (3a, 3b, 3l), and -withdrawing groups (3d-g, 3i, 3k) were tolerated on the ArBPin. The aryl amine was also broadly tolerant of functionality and substitution (3m-x). Yields were generally >70% with some diminished yields observed with specific components, in particular heterocycles (3u, 3w) and secondary aryl amines (3n, 3x). ArBPin variation:
Ar 1 BPin R R Pleasingly, the developed conditions were also found to be applicable to alkyl amines (Scheme 3). In this case, the addition of EtOH was not necessary to achieve good levels of reaction efficiency. Once more, a good diversity of BPin (7a-o) and amine (7p-7al) components was tolerated. Similar trends were observed with some heterocyclic (7l) and secondary amines (7p) delivering lower yields. While the product 7ah was isolated in relatively low yield due to competing arylation of the lactam, the reaction of other amides and carbamates were more chemoselective (e.g., 7i, 7m, 7aj). Taking the combined scope of aryl and alkyl amine, the developed reaction conditions allow the effective and general ChanEvans-Lam amination of aryl BPin.
Scheme 3. Scope of the developed CEL reaction conditions to a range of aryl BPin and alkyl amine substrates. Isolated yields.
Conclusions
In summary, a straightforward set of reaction conditions has been developed that allow the efficient Chan-Evans-Lam coupling of aryl BPin and aryl amines. These conditions are also 
Experimental Section
General information. All reagents and solvents were obtained from commercial suppliers and were used without further purification unless otherwise stated. Purification was carried out according to standard laboratory methods. EtOAc and petroleum ether 40-60° for purification purposes were used as obtained from suppliers without further purification.
Reactions were carried out using capped 5 mL microwave vials (reactions for mg, 56` µL), and powdered activated 3 Å molecular sieves in MeCN (400 µL) was sealed in an oven dried round-bottomed 5 mL microwave vial under air and stirred at 80 °C (preheated sand bath, sand temperature) for 24 h. The reaction mixture was allowed to cool to room temperature, filtered through Celite, and the filtrate was evaporated to give a residue that was purified by silica chromatography (EtOAc/petroleum ether with 1% Et 3 N modifier).
Appropriate fractions were evaporated to afford the desired product.
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